Abstract
Barriers to Effective Team Communication
With the interdisciplinary nature of teamwork comes an imbalance of power. This is especially true in military medicine, where the issue of rank is overlaid upon experience and role. Power, has been defined as the ability of an individual member of an organization to direct or influence the behavior of other members [14, 15] thereby impeding the upward flow of information in the organization [16] . Although the notion of teamwork suggests a group working together, the nature of teams in the operating room (OR) present a unique challenge. More specifically, surgeons have a vast level of organizational power relative to fellow team members. These power discrepancies may affect lowpower members' perceptions of the ease of speaking up, thus hindering open discussion. In teams, low-power members accede to those with greater power to avoid rejection or marginalization [17, 18] . In environments in which formal power differences exist and speaking up may influence performance outcomes, those in high-power positions must find ways to minimize silence effects [19, 16] . Additionally, some team members believe that their input is not needed and sought after by others. Without an explicit reason to provide input, the risks associated with speaking up make it unlikely to occur, even without power discrepancies. Moreover, even if team members are not intimidated by power differences or crippled by the fear of their input being rejected or ridiculed, it is possible that the team member simply does not hone the skills to do so in an appropriate manner, thus preventing them from speaking up [20].
Team Training in Healthcare
Team training provides a learning environment rich in opportunities to practice and receive feedback on newly acquired team skills [21] . Many different approaches to team training have been taken [22] .The training design is dependent on many factors, such as the knowledge, skills, and attitudes (KSAs) required for the task, and the available resources. Team training is most robust when available tools, delivery methods, and content are combined [23] . There is a large and growing body of literature supporting the efficacy of teamwork training programs in improving a variety of team competencies and organizational outcomes (e.g., safety and quality within healthcare) [24, 22] . Recent work has demonstrated the effect of team training programs on safety and quality metrics. For example, the Veteran's Affairs Medical Team Training program has been shown to decrease preoperative delays, increase antibiotic prophylaxis compliance, decreased equipment issues, decrease handoff issues, and most notably, reduce mortality [25, 26, 27] . These findings are consistent with the broader team training evaluation literature; meta-analytic reviews have demonstrated that team training can account for up to a 20% improvement in team performance [28, 29].
Promoting Teamwork via Game-Based Training
Serious games are synthetic learning environments (SLEs) which provide a balance of fun, challenge, and learning. According to Michael and Chen [30] , "A serious game is a game in which education (in its various forms) is the primary goal, rather than entertainment". Since the launch of the Serious Games Initiative in 2002, there has been a surge in the uptake of games for learning and training across most major industries [31] . A primary rationale for the use of game-based training is that it engages trainees in simulated complex decision-making processes, such as those required in medical training [30] . Another rationale is that the qualities of an effective game are in alignment with the qualities that are required for effective training in general. Specifically, this includes the Laws of Learning, such as recency, exercise, effect, and intensity [32] . Games can do this by leveraging techniques that promote flow such as clear tasks, immediate feedback, no distractions, and a balanced, attainable goal. This is furthered by the use of design techniques promoting intrinsic motivation, simplicity, practice, and limited choice [33] . Another rationale is that games promote additional engagement with the content-the increased time-on-task results in greater learning and self-efficacy [34] . However, as pointed out by Cannon-Bowers and Bowers [35] , games among other SLEs often fall short of their intended purpose. In fact, the authors state that "…painfully few attempts have been made to systematically develop a learning environment that is not only well engineered from the technological standpoint, but also built to be consistent with current learning science. Rather, SLEs are almost always built with an emphasis on technology, and pedagogy is often worked in as an afterthought" (p.319). As such, there have been conflicting findings regarding the efficacy of serious games. For example, a review [36] found that 38 out of 67 studies found no significant differences 
Methods

Intervention Description
Safe Surgery Trainer (SST) is a serious game developed by ALION Science and Technology for the United States Navy. As the Navy's first patient safety training game for medical teams involved in surgery-before, during and after, SST provides virtual training scenarios to reinforce safety protocols, enhance team performance and improve outcomes for patients. SST is a single-player game which enables medical personnel to practice virtual training scenarios designed to improve teamwork skills, cross monitoring, and outcomes. SST's immersive environment allows participants to practice patient safety objectives by experiencing each other's roles (i.e., nurse, surgeon, resident) throughout several scenarios. While the scenarios do not increase in difficulty, new content is presented and practiced from the perspective of a different medical team member. This is intended to increase the uptake of patient safety protocols, particularly TeamSTEPPS, which is accepted throughout the military health system. Throughout each module, players are given a dialogue and asked to select the correct response to the virtual team member with whom they are interacting. The players receive feedback regarding each response. First of all, players are presented with two bars at the top of the screen; players receive an increase in the green bar for a correct response, and an increase in the red bar for an incorrect response. Secondly, players receive written feedback. This process feedback provides the player with a brief explanation regarding why the response was correct or incorrect. If the player fails a scenario, they must re-do the module and demonstrate mastery before moving onto the next scenario.
Participants
Participants were non-medical professionals recruited from a large southeastern simulation conference. The final sample included 141 participants. Of these, 25.5% were female, with an 
Design and Procedure
Individuals were invited in-person to participate in the study. Upon reading and agreeing to the terms outlined in the informed consent, participants were randomized to one of two conditions. One condition involved playing the game first before taking the knowledge test (n=71), and the other group took the knowledge test first and had the option of playing the game afterward (n=70).
Measures
Declarative Knowledge. A declarative knowledge test was constructed following the completion of the SST prototype by creating a bank of questions reflecting the game's content. More specifically, the items were designed to measure knowledge of the teamwork and team communication learning objectives of the SST game. A total of 9 items were constructed. However, 3 items were excluded from the analysis due to a ceiling effect, leaving a total of 6 items (see appendix). Each correct answer earns a total of 1 point. Thus, 6 possible points could be earned by selecting the correct answers in a series of multiple choice items. Skill Transfer. Although trainees may acquire new knowledge during the training, an increase in basic knowledge is usually not sufficient for the program to be considered successful [44] . Instead, the positive transfer of training, (i.e., the extent to which the learning can be applied to the job and thus results in relevant changes performance) is the primary objective [45, 46] . A total of 7 vignettes representing novel situations in the operating room were created following the completion of the SST prototype to measure training transfer (see appendix). A total of 7 possible points could be earned by selecting the behavior that would promote effective communication in each scenario.
Results
Declarative Knowledge
An independent-samples t-test was conducted to compare declarative knowledge scores (see figure  1 ) between the game-first and knowledge test-first conditions. There was a significant difference in the scores between the game-first (M= 4.25, SD= 1.04) and the knowledge test-first (M= 2.20, SD= 1.01) conditions; t(139)= 5.61, p=. 000. 
Training Transfer
An independent-samples t-test was conducted to compare level of training transfer (see figure 2) between the game-first and knowledge test-first conditions. There was a significant difference in the scores for the game-first (M= 6.94, SD= 1.76) and the knowledge test-first (M= 5.79, SD= 1.66) conditions; t(139)= 4.13, p= .000. 
Discussion
Taken as a whole, these results converge to support the hypotheses that a game-based training approach can be effective in teaching knowledge of and improving transfer of behaviors that facilitate effective team communication. More specifically, it appears as though the form of practice and feedback provided by SST has the potential to facilitate team skills that could improve patient safety in the operating room. Participants who played the game demonstrated higher levels of declarative knowledge about effective communication behaviors. Those who played the game were also better able to apply knowledge about effective team communication to novel situations, and displayed higher levels of training transfer in comparison to those who took the knowledge test first. Thus, playing the game was indeed helpful. This suggests that in addition to increased knowledge, behavioral changes are possible if a game delivers appropriate information and provides opportunities for practice. Moreover, the feedback provided by SST allows players to correct their responses and practice target behaviors appropriately in order to facilitate positive transfer.
Although the results largely supported the hypotheses, there are shortcomings to the present design that require the data to be interpreted with caution. Although it would be ideal to generalize to surgical teams, the present data were collected on a sample of conference attendees with a penchant for simulation, which may limit the applicability of the results. It should be noted that game-based training has been shown to be an effective approach in training other knowledge and skills [47] . Thus, paired with the foundation laid by this study, it would be reasonable to replicate this study in the target population in order to determine whether these results generalize. It should also be noted that the present study used a control group that had the option to play the game after completing the instructional effectiveness measures. Thus, conclusions are unable to be drawn about the effectiveness of the game compared with traditional forms of training. Using other comparison groups, such as including a condition that received a lecture-based training or a condition that featured a format for practice such as live exercises, might provide greater insight into the use and effectiveness of this game. With that said, these data suggest that a serious game can be an effective way to provide training to improve team communication skills. It is the researchers' hope that this report sparks greater interest in this approach.
